A new series of 2,5-disubstituted-1,3,4-thiadiazoles 6a-i was synthesized by overnight stirring various 1,4disubstituted thiosemicarbazides 5a-i in polyphosphoric acid followed by neutralization. The structures of newly synthesized compounds 5a-i and 6a-i were characterized by IR, 1 H and 13 C NMR, elemental analysis and mass spectrometric studies. All the synthesized compounds were evaluated for their urease and acetylcholine esterase inhibition activities. Thiosemicarbazides 5a-i are found to possess excellent potential for urease inhibition, more than the standard drug. Thiosemicarbazides 5a-i are more potent urease inhibitor than their cyclic analogues thiadiazoles 6a-i. Almost all of the compounds are excellent inhibitors of acetylcholine esterase. The inhibition of acetylcholine esterase of compounds 5a, 5c, 5d, 5g, 5i, 6e, 6f, 6g, and 6i is much more than that of standard drug.
Introduction
Urease (urea amidohydrolase, E.C. 3.5.1.5) is an enzyme that catalyzes hydrolysis of urea to ammonia and carbamate, which is the final step of nitrogen metabolism in living organisms. [1] [2] [3] Carbamate decomposes rapidly and spontaneously, yielding a second molecule of ammonia. These reactions may cause significant increase in pH and is responsible for negative effects of urease activity in human health and agriculture. Urease is responsible for urinary tract and gastrointestinal infections, 4 possibly causing severe diseases such as peptic ulcers and stomach cancer as in the case of Helicobacter pylori. 5 Ureases are also involved in the development of urolithiasis, pyelonephritis, hepatic encephalopathy, hepatic coma, and urinary catheter encrustation. 6 The efficiency of soil nitrogen fertilization with urea (the most used fertilizer worldwide) decreases due to ammonia volatilization and root damage caused by soil pH increased. 7 Control of the activity of urease through the use of inhibitors could counteract these negative effects.
Acetylcholinesterase is a serine hydrolase (AChE, acetylcholine hydrolase, EC 3.1.1.7) that plays an essential role in the cholinergic synapses. Hydrolysis of the neurotransmitter acetylcholine (ACh) in the nervous system by acetylcholinesterase is known to be one of the most efficient enzyme catalytic reactions. The basis of this high efficiency has been sought by means of ligand-binding studies using various substrates and has led to the suggestion that the active center is composed of a cationic esteratic subsite containing the active serine, an anionic site which accommodates the choline moiety of ACh and a peripheral anionic site (PAS). 8, 9 The primary physiologic role of the AChE peripheral site is to accelerate the hydrolysis of acetylcholine at low substrate concentrations. 10, 11 The role of cholinergic system has been an intensive issue of interest in Alzheimer disease, which is a neurodegenerative disorder causing deterioration of memory and other cognitive functions. 12, 13 In Alzheimer's disease, a cholinergic deficiency in the brain has been reported. 14, 15 Therefore the synthesis and study of inhibitors of acetylcholinesterase may aid to the development of therapeutically useful compounds to treat such neurological disorders. Acetylcholinesterase inhibitors donepezil hydrochloride, galantamine hydrobromide and rivastigmine tartrate are the current approved drugs for the treatment of Alzheimer patients. 16 However, acetylcholinesterase inhibitors present some limitations, such as their short half-lives and excessive side effects caused by activation of peripheral cholinergic systems, as well as hepatotoxicity, which is the most frequent and important side effects of these drug therapies. [16] [17] [18] [19] For this reason, alternative and complementary therapies need to be developed.
Results and Discussion
Synthesis of Thiosemicarbazides and Thiadiazoles. Formation of thiosemicarbazides 5a-i were indicated by IR spectrum by disappearance of characteristic broad peak of isothiocyanates (NCS) in the range of 2150-2250 cm −1 and appearance of the peak due to C=S group in the range of 1251-1270 cm −1 . Synthesis of thiosemicarbazides 5a-i was confirmed by 1 H NMR by the disappearance of signals due to NH 2 hydrogens of acid hydrazides 3a-i in the range of 4-5 ppm and appearance of three hydrogen in the range of 9.88-11.02 ppm. 13 C NMR further confirmed the formation of thiosemicarbazides 5a-i by the appearance of signal due to C=S in the range of 171.56-187.01 ppm. Dehydrocyclization of thiosemicarbazides 5a-i were indicated by IR spectrum by the disappearance of signal due to carbonyl group in the range of 1661-1691 cm −1 . Formation of thiadiazoles 6a-i were confirmed by the appearance of signal in the range of 4.84-4.90 ppm due to NH group of thiadiazole ring and disappearance of signals of NH hydrogens of thiosemicarbazides 5a-i in the range of 9.88-11.01 ppm. Further confirmation was obtained by mass spectrometric analysis. All of the compounds showed strong molecular ion peak in mass spectra. The synthetic reactions used for the synthesis of thiosemicarbazides 5a-i and thiadiazoles 6a-i are outlined in Scheme 1.
Pharmacological Studies. Urease Inhibition: The synthesized compounds were screened for their urease inhibition activity. Thiourea with IC 50 value 26 ± 5 µM and K i value 21 ± 5, was used as standard drug. Compound 5b with IC 50 value 0.849 ± 0.03 µM and K i 0.490 ± 0.05, was most potent urease inhibitor among thiosemicarbazides 5a-i and compound 6g with IC 50 value of 1.55 ± 0.16 µM and K i value 8.96 ± 1.3 among thiadizazoles 6a-i. Compound 5e with IC 50 value 9.11 ± 1.7 was least active among thiosemicarbazides 5a-i. All other compounds showed moderate to excellent activities with IC 50 values ranging from 1.93 ± 0.016 µM to 15 ± 4 µM. It has been observed that inhibition activity is highly dependent on substituent's R and R' of the phenyl rings. Most active compound 5b has 3-methoxybenzyl group as R and 4methoxyphenyl groups as R'. By replacing the 4-methoxyphenyl substituent with chlorophenyl group, urease inhibition activity decreases and IC 50 value increases from 0.849 ± 0.03 µM to 2.25 ± 0.023 µM and by replacing the 3-methoxybenzyl group with 3-methoxyphenethyl group, again activity decreases and IC 50 value increases from 0.849 ± 0.03 µM to 1.93 ± 0.016 µM. Urease inhibition activity also decreases by increasing the number of methoxy groups as R of the phenyl group from di-methoxy and to lesser extent in tri-methoxy phenyl substitution.
Thiosemicarbazides 5a-i were found to be more active than thiadiazoles 6a-i. The compounds were found inhibiting the urease in variable concentration. Urease inhibition activities of compounds 5a-i and 6a-i are given in Table 1 .
In conclusion, thiosemicarbazides 5a-i were found to possess excellent potential for urease inhibition, more than the standard drug. Thiosemicarbazides 5a-i were more potent urease inhibitor than their cyclic analogues thiadiazoles 6a-i.
Acetylcholine Esterase Inhibition: The acetylcholine esterase (E.C. 3.1.1.7 from rabbit brain) inhibition activity of the synthesized compounds 6a-i was evaluated quantitatively by Ellman's method. 20 Compound 5c with IC 50 value 1.78 ± 0.16 and K i value 1.62 ± 0.14 µM among thiosemicarbazides 5a-i was most active and compound 6g with IC 50 value 0.351 ± 0.013 µM and K i value 0.320 ± 0.012 among thiadiazoles 6a-i was most active. Compound 5b with % inhibition of 19 ± 3 among thiosemicarbazide 5a-i was least active and compound 6f with IC 50 value 27.1 ± 4.3 µM showed minimum inhibitory activity. All other compounds showed excellent acetylcholine esterase activity with IC 50 value ranging from 2.16 ± 0.66 µM to 27.1 ± 4.3 µM. Compound 5c has substituent 3-methoxyphenethyl at position 3 and 2-chlorophenyl group at position 4 of thiosemicarbazide nuclei. Compound 6g has 3-methoxy benzyl group at position 5 of thiadiazole ring. It has been observed that thiadiazoles 6a-i has more potential for acetylcholine esterase inhibition than their lower analogue 5a-i. Results of acetylcholine esterase inhibition and K i vaues are given in Table 2 .
In conclusion, the inhibition of acetylcholine esterase of compounds 5a, 5c, 5d, 5g, 5i, 6e, 6f, 6g, and 6i is much more than that of standard drug.
Experimental
All the common solvents and chemicals were of analytical grade or dry distilled. Reaction progress was determined by thin layer chromatographic (TLC) analysis and R f values were determined by employing pre-coated silica gel aluminium plates, Kieslgel 60 F 254 from Merck (Germany), using chloroform:methanol, 9:1 as an eluent and TLC was visualized under UV lamp. Melting points were determined on a Stuart melting point apparatus (SMP3) and are uncorrected. The IR spectra were recorded on Bruker Optics Alpha FT-IR spectrophotometer. Proton nuclear magnetic resonance ( 1 H NMR) spectra were recorded on a Bruker Avance 300 MHz spectrometer with TMS as an internal standard. Chemical shift are reported as δ values (ppm) downfield from internal tetramethylsilane of the indicated organic solution. Peak multiplicities are expressed as follows: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet; dt, doublet of triplets. Coupling constants (J values) are given in hertz (Hz) . Mass spectra were recorded on Agilent Technologies 6890N gas chromatograph and an inert mass selective detector 5973 mass spectrometer. The elemental analysis was performed on Leco CHNS-932 Elemental Analyzer, Leco Corporation (USA). Abbreviations are used as follows: DMSO-d 6 , dimethyl sulfoxide-d 6 ; FT-IR spectroscopy, fourier transform infrared spectroscopy.
Synthesis of Substituted Aromatic Esters 2a-i and Aromatic Acid Hydrazides 3a-i. Substituted aromatic acid 1a-i was esterified by refluxing in methanol and in the presence of catalytic amount of sulfuric acid. Substituted aromatic ester 2a-i was converted into their corresponding acid hydrazide 3a-i by refluxing in hydrazine hydrate and methanol was used as solvent through reported literature procedures. 21, 22 General Procedure for the Synthesis of 1,4-Disubstituted Thiosemicarbazides 5a-i. The corresponding acid hydrazide 3a-i (0.0068 moles) was dissolved in methanol (30 mL) and added dropwise to the solution of substituted isothiocyanate (0.0066 moles) in methanol (10 mL). The reaction mixture was refluxed for 10-12 hrs and monitored by TLC. After consumption of the starting materials, the mixture was cooled to room temperature. Evaporation of solvent under reduced pressure left crude 1,4-disubstituted thiosemicarbazide 5a-i as an oil which was solidified on cooling. 23 It was purified by recrystallization from a mixture of ethyl acetate and petroleum ether. 11, 169.91, 159.61, 138.60, 137.97, 137.33, 129.65, 128.48, 122.07, 121.67, 115.40, 115.17, 55.44, 41.48 4.61, N 12.01, S 9.17; Found: C 55.21, H 4.52, N 12.12 16, 138.60, 137.37, 136.11, 129.65, 129.01, 128.48, 125.37, 122.07, 115.39, 112.47, 55.17, 55.21, 42.75. Anal. Calcd. for C 17 H 19 N 3 O 3 S: C 59.11, H 5.54, N 12.17, S 9.28; Found: C 59.01, H 5.65, N 12.21, S 9. 
